Abstract Rome has been plagued by flooding since its foundation, and, in December 2008, the largest flood event over the past 20 years caused a fatality and more than C150 million in economic damage. Meteorological conditions associated with the December 2008 flooding are shown to be typical of flooding in the Tiber. The long record of discharge measurements of the Tiber River at the Ripetta station in downtown Rome was used to examine flood frequency for the Tiber, including assessment of the return interval of the December 2008 flood. Particular attention is given to examination of the stationarity assumption for flood peaks through change-point and trend analyses, quantile regression, and statistical modelling of the flood-peak distribution. Once anthropogenic changes linked to reservoir regulation of the Tiber River have been accounted for, the stationarity assumption holds and can be used for flood frequency analysis. We highlight the difficulties in detecting departures from the stationarity assumption due to climate change. In the current regime, the December 2008 flood event has a return period of the order of 10-20 years.
INTRODUCTION
Throughout history, Rome has been plagued by continuous flooding. Based on Livy's account, the first known flood dates back to 414 BCE (for a description of flooding in ancient Rome, the reader is referred to Bersani and Bencivenga 2001, and Aldrete 2007) . Apart from listing all the known ancient floods, Aldrete (2007) provides a discussion of immediate (fatalities, property damage, disruption of daily life, post-flood cleaning) and delayed (famine, weakened buildings, diseases, psychological trauma) effects of floods at the time of ancient Rome. Over 2500 years, Romans have developed mechanisms to cope with the flooding of the Tiber River. Even though records exist, by which to date some of the ancient floods, estimates of the flood peaks become more uncertain the further back in time one researches. However, it has been possible to derive estimates of the largest flood peaks starting from the 15th century using a combination of historical records, iconography, high-water marks, and hydrodynamic modelling (Calenda et al. 2005) .
The year 1781 marks the beginning of systematic stage measurements of the Tiber River in Rome. After the annexation of Rome to the Italian State in 1870, extensive engineering works were introduced to address the problem of flooding in Rome. In particular, the construction of levees (the so-called muraglioni) protect downtown Rome from flooding. From 1870 to 1921, measurement of peak stages was performed only during floods. Starting in 1921, a stage recorder was deployed and flow measurement was performed during flood events, allowing a more accurate estimate of the peak discharge. Another significant alteration of the discharge of the Tiber River is associated with the construction of the Corbara Reservoir, completed in 1963 (e.g. Calenda and Mancini 1999) . For more information about the history of the flooding of the Tiber River in Rome and the resulting changes, the reader is referred to Calenda and Mancini (1999) , Bersani and Bencivenga (2001) , Calenda et al. (2003) , Calenda et al. (2005) , Aldrete (2007) , Natale and Savi (2007) , Calenda et al. (2009) , among others.
Although the main purpose of the construction of the Corbara Reservoir was hydropower generation rather than flood control (Calenda and Mancini 1999) , annual maximum peak discharge in Rome has decreased significantly over the past 40 years ( Fig. 1) , with no significant flooding affecting the downtown Rome area. In December 2008, a flooding event caused much apprehension in the Roman population, capturing the attention of news agencies around the world. This event caused over C150 million in economic damage due to flooding just outside of Rome, one fatality, and disruption of transportation. The main concern during this event was the rapid increase in water level at the Ripetta station (downtown Rome, Fig. 2 ), where the stage rose from 7 to 11.3 m over a 12-hour period (on 11 December at 00:00-12:00 UTC). However, the stage height did not continue to increase at the same pace and peaked at 12.55 m (Fig. 2(b) ). Figure 2 (a) highlights the three main flood events (6, (11) (12) (13) (14) . These three peaks are associated with three main storm events, each with distinct meteorological environments.
The main points addressed in this study are:
-examination of the meteorological conditions responsible for this flooding event; and -to address questions concerning the floodfrequency distribution for the Tiber River basin.
More specifically, we want to assess the return period associated with the December 2008 flood peak, and whether there are changes in the distribution of annual maximum discharge for the Tiber River over the past 130 years. This paper is organized as follows. In the next two sections we describe the data, followed by an overview of the main statistical tools used. In Section 4 we examine the meteorological conditions responsible for the December 2008 flood event in the Tiber River, together with analyses of the annual maximum peak discharge of the historical station of Ripetta. The main points of this study are summarized in Section 5.
STUDY AREA AND DATA
The Tiber River originates from Monte Fumaiolo (1268 m a.s.l.) in the Apennines (Fig. 3) . It follows a meandering course with a length of 409 km, before emptying in the Tyrrhenian Sea at Ostia, with a drainage area of 17 156 km 2 . The western margin of the Tiber drainage basin is delimited by crater lakes (e.g. Bolsena and Bracciano lakes). Rome is located at the confluence of the Tiber and Anio rivers, in an area characterized by extensive urbanization. Most of the land use/land cover is either forest (at higher elevation) or agricultural (at lower elevation). Industrial areas are located at the outskirts of Rome and close to the coast. The Corbara Dam is sited at about 180 km upstream of Rome, and the drainage area of the Tiber River at the location of the dam is about 6000 km 2 (Fig. 3) .
For the days during the December 2008 event with the most intense rainfall, we have data from the C-band radar of Monte Midia in the Abruzzo region in central Italy (e.g. Marzano et al. 2004 , Picciotti et al. 2008 . This is a single polarization C-band radar with a frequency of 5.6 GHz, azimuthal resolution of 0.5 • and range resolution of 500 m. For this event, we have reflectivity maps (in decibel of reflectivity, dBZ) every 30 min averaged over a 1-km pixel for a circular domain with a maximum radius of 120 km.
To evaluate how extreme the December 2008 flooding was, and address questions concerning the flood-frequency distribution of the Tiber River, we used the streamflow measurements at the Ripetta station. We have annual maximum peak discharge data from 1870 to 2002 (see Natale and Savi 2007) . As mentioned in the Introduction, the Tiber River underwent extensive anthropogenic changes (construction of levees, the construction of the Corbara Reservoir in the early 1960s) during this time period. In addition, there were changes in the methodology for collecting streamflow data in the early 1920s. Therefore, careful investigation of this time series is necessary before statements can be made about the flood frequency distribution of the Tiber River and how extreme the December 2008 flood event was.
METHODOLOGY
In this section, we discuss the different statistical tools (change-point analysis, trend analysis, quantile regression, fitting the time series with a nonstationary parametric distribution) that we used to study the stationarity assumption in the flood-peak distribution of the Tiber River at the Ripetta gauging station. In two recent studies, Calenda et al. (2005 Calenda et al. ( , 2009 Salas 1993 ). Since stationarity cannot be taken for granted (Milly et al. 2008) , flood frequency analysis requires novel approaches to account for the time-dependence of the parameters of the selected distribution (among others, consult Villarini et al. 2009b for a recent discussion of this issue).
Change-point and trend analyses
Abrupt changes in a time series highlight a shift from one regime to another, and the system stays in this state until a new shift occurs. These changes can be associated with climatic regime changes (e.g. Potter 1976 , Karl and Knight 1998 , Hare and Mantua 2000 , Alley et al. 2003 , Mauget 2003 , Samuel and Sivapalan 2008 , Swanson and Tsonis 2009 , as well as other anthropogenic effects, e.g. construction of dams, changes in land use/land cover and agricultural practice, streamgauge relocation (e.g. Potter 1991 , Changnon and Demissie 1996 , Knox 2001 , Zhang and Schilling 2006 , Alila et al. 2009 , Villarini et al. 2009a , Villarini et al. 2011a ). We performed change-point analysis to detect abrupt changes in the mean and variance of the distribution of the annual maximum flood peaks at the Ripetta station. Several different tests have been proposed to detect change-points in means (e.g. Potter 1981 , Buishand 1984 , Perreault et al. 2000 , Lund and Reeves 2002 , Reeves et al. 2007 , Wang et al. 2007 , Aksoy et al. 2008 , Beaulieu et al. 2009 ). We used the nonparametric Pettitt test (Pettitt 1979) because it was successfully used in other studies to detect abrupt changes in annual maximum flood-peak records (e.g. Villarini et al. 2009a , Villarini et al. 2011a , 2011b ). This test is based on a version of the Mann-Whitney statistic to test whether two samples come from the same population, and allows the detection of unknown change-points in time. It works on ranks, making it less sensitive to outliers and skewed distributions. The significance level of the test can be computed (Pettitt 1979) .
In most cases, change-point analysis is performed to detect abrupt changes in the mean of the distribution of the variable of interest. Few tests can detect step-changes in the variance (e.g. Perreault et al. 2000) . However, abrupt changes in the variance of the distribution (indicating an increase or decrease in the data scatter) can have a marked effect on the extremes (e.g. Katz and Brown 1992 , Meehl et al. 2000 , Ferro et al. 2005 . For this reason, we tested the data for abrupt changes not only in the mean but also in the variance by applying the Pettitt test to the time series of the squared residuals computed with respect to a line obtained by means of local polynomial regression (loess function, Cleveland 1979, with a 0.75 span), similar to that suggested by Pegram (2000) . We set the significance level of the Pettitt test equal to 5%.
Examination of the presence of monotonically increasing or decreasing patterns (we refer to them simply as monotonic trends) was performed by means of two widely-used nonparametric tests: Mann-Kendall and Spearman (e.g. Mann 1945 , Kendall 1975 , Hirsch et al. 1982 , Helsel and Hirsch 1993 , Kundzewicz and Robson 2000 , McCuen 2003 , Kundzewicz and Robson 2004 . Similar to the Pettitt test, both of these tests are nonparametric and have similar power (Yue et al. 2002) . Since these tests are widely used, for the sake of brevity we do not discuss them in detail herein, and refer the interested reader to the literature (Helsel and Hirsch 1993 , among others). We set the significance level α for the Mann-Kendall and Spearman tests equal to 5%.
When investigating the validity of the stationarity assumption in the flood-peak record, the tendency has been to test for monotonic trends, or monotonic trends followed by change-point analysis. However, as discussed in Villarini et al. (2009a) , this approach may lead to misleading results. Therefore, we followed the approach suggested in Villarini et al. (2009a) by first performing change-point analysis. If the time series does not exhibit a statistically-significant change-point in mean, then we perform monotonic trend analysis on the entire record. However, if we detect a statistically-significant change-point in mean, we split the time series into two sub-series (before and after the change-point) and test each of the two time series separately for the possible presence of monotonic trends. Even though we focus on monotonic trends, we acknowledge that the data could exhibit non-monotonic patterns (e.g. Mudelsee et al. 2003 , Hall and Tajvidi 2000 , Ramesh and Davison 2002 , Villarini et al. 2009b .
Quantile regression
In addition to examining the behaviour of the mean, we are also interested in trends in other parts of the distribution. Quantile regression is used to assess linear or nonlinear changes in any quantile of the data distribution. This technique was first introduced by Koenker and Basset (1978) (see Koenker 2005 , for an extensive discussion, application and references). Quantile regression can be considered an extension of the ordinary least squares method (OLS). In OLS we model the relationship between the conditional mean of the predictand Y and one or more predictors X, given X = x. In quantile regression, we model the relationship between the predictors and the conditional quantiles of Y (given X = x). For instance, we can compare the OLS with respect to the median regression (quantile τ = 0.5). In OLS the sum of the squared errors is minimized; in median regression the sum of the absolute errors is minimized. Generalizing this to any other quantile τ , we can compute slope and intercept for different quantiles by minimizing an asymmetrically weighted sum of absolute errors. In this way, we have information about the presence of linear trends for other levels of the distribution of the data. Significance of the slope is computed by means of bootstrap and we set a significance level α equal to 5%.
All the calculations were performed in R (R Development Core Team 2008) using the freely available quantreg package (Koenker 2009 ).
Generalized additive model in location, scale and shape (GAMLSS)
To answer the question about how extreme the December 2008 flood was, we modelled the annual maximum flood-peak time series at the Ripetta station using a time-varying parametric probability distribution. In the past, stationarity of the time series was invoked when modelling the Ripetta time series with a specific distribution (Calenda et al. 2005 , Natale and Savi 2007 , Calenda et al. 2009 , Serinaldi 2009 ). However, the validity of this assumption has been questioned (Milly et al. 2008) and alternative approaches to modelling nonstationary time series are necessary (e.g. Coles 2001 , Strupczewski et al. 2001 , Katz et al. 2002 , Khaliq et al. 2006 , Renard et al. 2006 , El Adlouni et al. 2007 , Sivapalan and Samuel 2009 , Villarini et al. 2009a , 2009b . One particularly interesting modelling framework is represented by the generalized additive models in location, scale, and shape (GAMLSS), recently proposed by Rigby and Stasinopoulos (2005) (see also . In contrast to the generalized additive models, generalized linear models, generalized linear mixed models, and generalized additive mixed models, the GAMLSS allows for the selection of distributions outside of the exponential family (e.g. Gaussian or exponential distributions), providing a high degree of flexibility in the selection of the parametric distribution. The availability of highly skewed and kurtortic distributions can result in a more appropriate modelling of the time series of interest, especially when dealing with annual maximum discharge.
In the remainder of this section, we provide a brief overview of the GAMLSS. For more information about the theory, and model fitting and selection, the interested reader is referred to Rigby and Stasinopoulos (2005) and .
Let us denote Q i the annual maximum flood peak for the ith year, and assume that the observations are independent with a cumulative distribution function F Q (q i ; θ i ), where θ i = θ i 1 , · · ·, θ i n represents a vector of n parameters for modelling the location, scale and shape. The parameters of the selected distribution and the design matrix of the selected covariate(s) are related by means of monotonic link functions g k (·) (k = 1, ..., n). In this case, the only covariate is time t (see also Villarini et al. 2009a) . Predictors related to catchment development and/or climate indices can be also included (e.g. Villarini et al. 2009b .
We considered four widely-used two-parameter distributions to model the annual maximum peak discharge data for the Tiber River at the Ripetta station: gamma, lognormal, Weibull and Gumbel (e.g. Stedinger et al. 1993 , El Adlouni et al. 2008 . We considered the stationary case (the parameters of these distributions are constant over time) together with a nonstationary case, in which the two parameters are a linear function of time (via appropriate link functions). In this way, we complement the trend analysis by examining the presence of trends not in the data (as done for the other methods), but in the parameters of the distribution. Model selection was performed by means of the Akaike information criterion (AIC, Akaike 1974) and Schwarz Bayesian criterion (SBC, Schwarz 1978) . Since these two criteria do not provide information about the quality of the fit (e.g. Hipel 1981), model fitting was assessed by looking at the (normalized quantile) residuals (Dunn and Smyth 1996) from the GAMLSS. The residuals should be independent and have Gaussian distribution. We checked the independence and normality of the residuals by visual inspection of theplots and worm plots (detrendedplots; van Buuren and Fredriks 2001), and by computing their first four moments, and Filliben correlation coefficient (Filliben 1975) .
All the calculations were performed in R (R Development Core Team 2008) using the freely available gamlss package ).
RESULTS

Meteorological analyses of the December 2008 storms
The rainfall regime in the Rome area is characterized by the largest rainfall accumulations from late autumn to spring, and minimum rainfall during the summer (e.g. . The vast majority of flooding events are concentrated during the autumn and winter periods. The seasonal distribution of the flood peaks at the Ripetta station is unimodal (Fig. 4) , with the majority of the events occurring between late November and early February. From late spring to early autumn, a minimum in flood events occurs due to reduced rainfall and dry soil conditions with increased infiltration. For the December 2008 flood periods, there is diversity in storm environment for the three major rain periods, pointing to the role of inter-storm variability for flood response. 2008 ranks second with respect to the monthly accumulations from the period 1862-2004 (despite a decreasing trend in the winter and autumn rainfall; . Almost 90% of the December 2008 monthly rainfall occurred between 1 and 16 December (Fig. 6) , which corresponds to the period of flooding (Fig. 2) . The three main pulses of rain occurred on 5, 11 and 16 December, associated with the three flood peaks at the Ripetta station (Fig. 2) . Almost 40% of the monthly rainfall occurred on 11 December, which corresponds to the largest peak at the Ripetta station (Fig. 2) .
At the beginning of the day on 5 December, a low-pressure system was located over northern Europe and a weaker low-pressure system over northern Africa. As the day progressed, the main lowpressure system moved southward, with the weaker system modulating the flow around the main system. Associated with this meteorological setting, there was a strong low-level jet from the south bringing moist air over Italy (Fig. 7) . This moist air produced large rainfall accumulations when the storm system interacted with the Apennine Mountains.
On 11 December, a low-pressure system with a pronounced trough was located over central and northern Europe, protruding as far south as the Balearic Islands. This type of meteorological setting has been examined extensively in previous heavy rainfall studies, particularly in connection with the Mesoscale Alpine Programme (MAP, e.g. Massacand et al. 1998 , Buzzi and Foschini 2000 , Rotunno and Ferretti 2001 , Rotunno and Houze 2007 . Given the position of the trough in the Mediterranean Sea, the cyclonic flow around the low-pressure centre was responsible for southerly flow over central Italy (Fig. 8) to the flood region, determining important features of rainfall organization. Based on the Monte Midia radar observations, rainfall was organized into bands of convective rainfall passing through the area from the south (Fig. 9) .
Finally, on 16 December a closed low-pressure system was located west of Sardinia with southerly low-level flow over central Italy (Fig. 10) . Similar to the 11 December rainfall event (Fig. 9) , the Monte Midia radar data show bands of convection, associated with cyclonic flow around the low-pressure centre (Fig. 11) . The three rain events are associated with contrasting meteorological settings, each tied to cyclogenesis over Europe and the Mediterranean. Key elements of the synoptic environments and associated rainfall structure are the control of the transport of low-level moisture (Figs 7, 8 and 10 ).
Analyses of the flood frequency distribution of the Tiber River at Ripetta
In addition to describing the three main rain events of December 2008, we want to assess the return interval of the December 2008 flood peak of the Tiber River in Rome. 
Fig. 7
Specific humidity and winds at 850 hPa on 5 December at 00:00 UTC obtained by downscaling the Global Forecast System model (GFS, e.g. Rogers et al. 1996) 2009), the peak discharge is between 1600 and 1700 m 3 /s. To be conservative, we consider the upper bound (1700 m 3 /s) as the flood peak for this event. According to the results in Fig. 1 , the flood peak was the largest for the past 20 years and ranks among the top five since the construction of the Corbara Reservoir. However, over the period of record, 1870-1965, the December 2008 flood would be nothing more than an average annual maximum flood.
In addition to a quantitative statement about how extreme the December 2008 flood peak is, the availability of a long record of annual maximum flood-peak data allows us to address questions concerning the stationarity of the flood-peak distribution of the Tiber River (Calenda et al. 2005 (Calenda et al. , 2009 ).
We evaluated the presence of change-points and monotonic trends for the discharge time series of 1922-2002 (after the changes in measurement procedures in 1921). According to the Pettitt test, a change-point in mean is detected in 1965 (significant at the 5% level), but no statistically-significant change-point in variance. This year matches the year of the first filling of the reservoir (Calenda and Mancini 1999) , and is very close to the year in which the construction of the Corbara Reservoir was completed (1963) . Given the presence of a change-point in mean, we split the time series into two sub-series (before and after the change-point) and performed monotonic trend analysis of each sub-series separately. According to the Mann-Kendall and Spearman tests, no statistically-significant increase or decrease in discharge was detected in either of the sub-series. We then considered the series 1870-1964 and tested for the presence of change-points and monotonic trends. We found only one statistically-significant (at the 5% level) change-point in mean in 1923. This year matches very closely the year in which an automatic recorder was installed and direct flow measurements started to be made. The rating curve prior to this year is uncertain. Therefore, we can divide the record from 1870 to 2002 into three sub-periods (1870-1920, 1922-1964 and 1965-2002) , each of them marked by specific anthropogenic changes (reservoir construction and changes in the measurement procedure).
To highlight the importance of a well-established rating curve, we repeated change-point and trend analyses on the data used in Calenda et al. (2009) . The two time series are slightly different due to different rating curves. For the period 1922-2002, we found 1965 is still a statistically-significant change-point in mean (no statistically-significant change-point in variance or monotonic trends before or after 1965). However, when we performed these analyses on the period 1870-1964, the Pettitt test detected 1923 as a possible year for a step change, even though this change-point was no longer significant at the 5% level (p value of 0.14; the differences are probably due to the different rating curves used in Natale and Savi 2007, and Calenda et al. 2009 ). When we proceeded with the analysis and performed Mann-Kendall and Spearman tests for the period 1870-1964, they both returned a statistically-significant (at the 5% level) decrease over time (no statistically-significant change-point in variance). Based on these results, we would say that the annual maximum peak discharge for the Tiber River at the Ripetta station had a statistically-significant decreasing trend between 1870 and 1964. In the rest of this section, we continue using the annual maximum peak estimates by Natale and Savi (2007) . However, these results emphasize the importance of accurate flood-peak measurements, given the impact that statements about increasing or decreasing trends would have.
Apart from studying changes in the mean of the flood-peak distribution, we performed quantile regression to investigate the presence of linear changes in other parts of the distribution. We have summarized our results in Figs 12 and 13. In Fig. 12 we show the time series of annual maximum flood peaks divided into three sub-series (1870-1920, 1922-1964 and 1965-2002) and five different quantiles (τ equal to 0. 05, 0.25, 0.50, 0.75 and 0.95) . In the first time period, the mean (OLS) and median regressions tend to give similar results, suggesting possible symmetry in the data. However, the other quantiles are not equidistant from the median, suggesting that the distribution is more skewed. There is a tendency for the largest quantiles to increase over time. When we focus on the subset 1922-1964, the OLS gives a slope close to zero, while median regression shows a slightly increasing trend. Similar direction is detected for the lowest quantiles, while the largest quantiles tend to decrease over time. Finally, focusing on the sub-period 1965-2002, we notice a general decreasing trend independent of the selected quantile (similar conclusions according to OLS). In Fig. 13 we show the values of the slopes and the associated p values for the three different sub-periods. In the first sub-period, with the exception of a few quantiles (low and high quantiles), there is an overall tendency towards increasing trends (same as OLS). In this case, all the slopes are not statistically different from zero at the 5% significance level. For the second sub-period, there is an overall tendency of the lower quantiles to increase over time, while the larger quantiles tend to decrease over time. Even in this case, these trends are not statistically significant. Finally, for the time series after the construction of the Corbara Reservoir, the slopes are smaller than zero, implying an overall decrease over time. In this case, we notice a statistically-significant decrease over time for a few of the highest quantiles (τ > 0.75). Based on these results, the stationarity assumption is verified within each sub-period.
As mentioned in Section 3.3, modelling of each sub-period was performed using four twoparameter distributions (gamma, lognormal, Weibull and Gumbel) . By means of GAMLSS, for each distribution, we considered stationary models together with models in which the parameters of the distributions change as a linear function of time (via proper link functions). Model selection was performed by means of AIC and SBC and, according to these two criteria, the stationary model was selected. These results provide additional evidence to support the validity of the stationarity assumption for each sub-period. The gamma distribution returned the smallest AIC value for the first two periods, while Weibull is selected for the last period (similar results were recently obtained by Serinaldi 2009 ). Looking at the residual plots, analysis indicates a good fit of the data to the selected models. The goodness of the selected models is also supported by the Kolmogorov-Smirnov test (e.g. Kottegoda and Rosso 2008) . The results are summarized in Fig. 14. Overall, we have a larger variability in the first sub-period; the width of 90% of the distribution is similar for the last two sub-periods. Moreover, it becomes apparent that the 2008 flood peak is just an average event in the first period, and a more extreme event for the last two periods.
Using the selected stationary parametric distribution for each of the sub-periods, we can assess how extreme the December 2008 flood was. In Fig. 15 we show the return period associated with flood peaks from 400 to 2500 m 3 /s for each of the three sub-periods. As expected, for a given discharge value, the return period is larger going from the first to the last sub-period. Based on these results, the December 2008 flood peak (1700 m 3 /s) has a return period of the order of 2 years for the time period between 1870 and 1920. The return period associated with this event increases to about 3-4 years between 1922 and 1964. Finally, under the current conditions, the flood peak of December 2008 has a return period of between 10 and 20 years. Therefore, we can conclude that the December 2008 flood event was not extreme, and that we can expect such events on average between five to 10 times per 100 years.
CONCLUSIONS
Principal conclusions from these analyses are the following: (1965) . We split the time series into three sub-series: 1870-1920, 1922-1964 and 1965-2002 . For these sub-series, the stationarity assumption was verified by means of Mann-Kendall and Spearman tests, quantile regression, and modelling of the distributions by means of GAMLSS. 3. Accounting for the change-points in the Tiber River flood record, it is concluded that the December 2008 flood peak of the Tiber River at Rome has a 10-20-year return period in the current regime. The analysis of flood frequency for the Tiber River is typical of settings 1870-1920; (b) 1922-1964; and (c) 1965-2002. around the world, in which changes in gauging procedures over time, changing basin composition and the potential impacts of climate change must be accommodated in assessing flood risk (e.g. Samuel 2009, Villarini et al. 2009b) . 4. The analysis of the Ripetta time series suggest that nonstationarities in flood-peak distributions due to climatic change will be difficult to detect. Hydrometeorological linkages will provide important directions to pursue in assessing climate change impacts on flood frequency. In the Tiber River, for example, the evolution of systems of extra-tropical cyclones during the NovemberJanuary time period plays a central role in flood production. Linking changes to cyclone tracks and evolution, combined with atmospheric modelling analysis, provides an avenue for assessing flood climatology. -1920, 1922-1964 and 1965-2002. Midia radar data, Dr Montesarchio and Dr Calvo for their help with the discharge data, and Dr Franca Mangianti (UCEA) for providing the rainfall data set of Rome, Collegio Romano. The authors would also like to thank Dr Koenker, Dr Stasinopoulos, Dr Rigby and Dr Akantziliotou for making the quantreg (Koenker 2009 ) and gamlss ) packages freely available in R (R Development Core Team 2008).
